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Residual Current Detection- Circuit 



This invention relates- to a residual current detection circuit 
for use in, for . example, a residual current device (RCD) . 

The most common problem aissociated with RCDs is that of 
nuisance, tripping, and in the majority of cases this is due to 
the RCD tripping in the absence of a sustained residual current 
above a predetermined level. As used herein, the term 
"sustained residual current" refers to any residual current 
which continues to flow until it is interrupted by removal of 
power, whereas "non sustained residual current" refers to any 
current which automatically ceases to flow after an initial 
surge or impulse. A non sustained residual current can flow to 
earth in response to lightning surges, switching of reactive 
loads or momentary current flows to earth which are not 
attributable to insulation breakdown and therefore not 
sustained. Nonetheless, in many cases such currents will be 
perceived by the RCD as a residual current of sufficient 
magnitude and duration such as to cause the RCD to trip. 

For reasons of safety and optimum protection, many RCDs have an 
inverse time/current characteristic which causes the RCD to 
trip faster for higher magnitude residual currents. However, 
this characteristic may predispose the RCD to trip 
automatically in response to the flow of residual currents of 
high magnitude but short duration. In the case of lightning 
surges, the resultant current flow to earth can have a 
magnitude in the amperes region, and although such currents may 
flow for only a period of a few microseconds, the RCD may 
unavoidably trip. The nuisance tripping problem has recently 
been compounded by the use of electronic starters in 
fluorescent lights where an ignition current of hundreds of 
amperes with a duration of a few milliseconds can result in the 
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flow of relatively large capacitive currents to earth for a 
similar period.- Conventional RCDs have little immunity to such 
currents and are highly likely to nuisance trip. 

RCD designers have tried various means to make their products 
immune to such problems, such as the addition of mechanical 
slugging and time delay circuitry. However, the amount of 
slugging or time delay that can be added to an RCD is limited 
because of a requirement to trip within specified time limits 
for different magnitude fault currents. Typically, a general 
type 30mA RCD complying with RCD product standard IEC61008 will 
have to trip within 300mS for a residual current of 30mA and 
within 40mS for a residual current of 150mA or higher. This 
type of response to higher magnitude residual currents provides 
the inverse time/current characteristic. Excessive slugging or 
time delay will make it impossible for the RCD to meet the 40mS 
requirement, so the effectiveness of such improvements is 
limited. 

In addition, the use of electronic circuitry to achieve a time 
delay often results in the storage of charge in reactive 
components which can have the effect of stretching the duration 
of the signal as seen by the electronic circuitry. In effect, 
because of the large magnitude of the residual current, the 
resultant accumulative storage effect in reactive components 
will cause the RCD to perceive a residual current flow of a 
substantially longer period than the actual period of residual 
current flow. 

It is an object of the present invention to provide an improved 
residual current detection circuit for use, for example, in an 
RCD, in which these problems are overcome or substantially 
reduced. 
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Accordingly, the invention provides a residual current 
detection circuit comprising means for detecting an imbalance 
current indicative' of a residual current and providing an 
output whose amplitude corresponds to the magnitude of the 
residual current, the output being applied simultaneously to 
two channels wherein the first, channel provides a first signal, 
and the second channel provides a second signal which is time 
delayed with respect to the first signal, the output of each 
channel being applied to a circuit stage which produces an 
output only when the first and second signals are coincident at 
its input. 

A preferred embodiment of the invention provides a residual 
current detection circuit comprising means for detecting an 
imbalance current indicative of a residual current and 
providing an output whose amplitude corresponds to the 
magnitude of the residual current, the output being applied 
simultaneously to two channels wherein the first channel 
includes means for providing a first signal when the amplitude 
of the output exceeds a first level, and wherein the second 
channel includes a capacitor which acquires a charge 
corresponding to the amplitude of the output and means for 
providing a second signal in response to the voltage on the 
capacitor exceeding a second level, the circuit further 
including means for providing an output signal only when the 
first signal is coincident with the second signal. 

The first and second levels may be the same or different. 
Also, according to context, a signal may be provided by any 
distinguishable state of a device; for example, a change in 
voltage level or the absence of a voltage where previously 
there was one. 
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Embodiments of the invention will now be described, by way of 
example, with reference to the accompanying drawings, wherein: 

Fig.^l^is a circuit diagram of a prior art residual current 
5 detection circuit for use in an RCD; and 

Figs. 2 to 6 are embodiments of residual current detection 
circuits according to the invention. 

10 An earth leakage (residual) current is conventionally detected 
using a current transformer (CT) surrounding the mains 
conductors. The residual current seen by the CT can be full 
wave, or partial wave in the form of pulsating DC which may 
flow for a short period during the positive or negative half 

15 cycles of the AC mains supply when power is controlled by 

rectifiers or thyristors, etc. Pulsating DC currents can be as 
dangerous as full wave currents, and although they may flow for 
only a short period during alternative half cycles, it would be 
important for the RCD circuit to detect such residual currents. 

20 A full wave residual current could be considered to be 

continuous whereas a pulsating DC residual current could be 
considered to be recurring because of the relatively long non- 
conduction period between pulses. 

25 Figure 1 shows a basic residual current detection circuit which 
is powered from a DC or rectified AC voltage. In conventional 
manner, AC mains live and neutral conductors connected to a 
load pass through a current transformer CT and any residual 
current in these conductors, which is indicative of an earth 

30 fault current, is detected by the CT to produce an output 

voltage in proportion to the magnitude of the residual current. 
Diodes Dl and D2 clamp the CT output voltage to positive and 
negative limits to prevent the electronic circuitry from being 
damaged by excessive voltage excursions and resistor Rl and 



WO 2004/001924 



PCT/IE2003/000047 



capacitor CI filter out high frequencies from the CT output 
voltage. After limiting and filtering, the CT output voltage 
is applied to an amplifier Al whose gain is set by R2 and R3. 
The output of Al is fed to a full wave rectifier stage FWR to 
5 convert the AC voltage to a unipolar voltage. Thus, for any 
residual current the output of FWR is a series of positive 
polarity voltage pulses at double the mains frequency, e.g. 
100Hz in the case of a 50z mains, and having an amplitude 
corresponding to the magnitude of the residual current. 

10 

The FWR output is fed via a diode D3 and a resistor R4 to 
charge a capacitor C2. Resistor R5 is a bleed resistor which 
prevents C2 from holding its charge indefinitely. The values 
of these components are chosen such that C2 charges up via 

15 D3/R4 at a faster rate than it discharges via R5, the charging 
and discharging rates being determined' by the values of R4 and 
R5 respectively for a given FWR output voltage. Therefore, C2 
effectively smoothes the FWR output such that the voltage on C2 
is an average of the FWR output over a period substantially 

20 determined by the time constant C2/R5. The voltage on C2 is fed 
to an output stage (not shown) to operate a tripping mechanism. 
For the purpose of setting a tripping level or threshold, prior 
to the output stage the voltage on C2 may be compared in a 
comparator Compto a threshold level Ref, so that an output is 

25 only provided to the output stage if the voltage on C2 exceeds 
Ref. The basic circuit has the ability to detect and respond to 
AC and pulsating DC residual currents. 

A key problem with the basic circuit of figure 1 is that 
30 capacitor C2 will acquire and store a charge in response to any 
output from the CT, including short duration impulses caused by 
noise or current surges, etc. Such impulses, although momentary 
and not attributable to an earth fault current, can often be of 
relatively large amplitude with the result that the charge on 
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C2 will cause the output stage to be activated and thereby- give 
rise to nuisance tripping. 

Figure 2 shows an improved circuit which reduces the risk of 
5 nuisance tripping associated with short duration current 
impulses . 

The FWR output voltage is supplied simultaneously to two . 
channels. In the first channel the FWR output voltage is fed 

10 directly to a first input terminal of an AND gate. In the 

second channel the same FWR output voltage is also fed to C2 as 
before but the output of C2 is now fed to the second input 
terminal of the AND gate. .Each input terminal of the AND gate 
has a predetermined threshold, which may be the same or 

15 different for each input terminal, so that at each input 

terminal an input signal to the AND gate will only be produced 
when the voltage at that terminal exceeds the respective 
threshold. Thus, the AND gate will only produce an output when 
the two input voltages are coincident and have levels above the 

20 respective AND gate input thresholds. The time taken by C2 to 
acquire a charge via R4 will introduce a delay in the voltage 
applied at the second input terminal of the AND gate compared 
to that applied at the first input terminal. Provided that the 
residual current producing the FWR output is recurring or 

25 sustained beyond the delay introduced by C2 and above a certain 
level, the AND gate will see two coincident signals from FWR 
and C2 respectively thereby producing an output and causing the 
RCD to trip. If the residual current producing the FWR output 
is not recurring or sustained beyond the delay introduced by 

30 C2, the first input signal to the AND gate will not be present 
when the second signal arrives from C2. As a result there will 
be no output from the AND. gate and the RCD will not trip in 
response to a short duration impulse. C2 will discharge via R5 
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within a finite time if the FWR output is not recurring or 
sustained. 

By taking the FWR output. and using it to produce two separate 
5 signals the RCD has been given a high degree of immunity to 
nuisance tripping caused by short duration or unsustained 
residual currents. 

The circuit of figure 2 can be further improved as shown by 
10 figure 3. In this circuit the FWR output, which is a first 
signal, is now fed to the -hve terminal of a first comparator 
Compl whose -ve terminal is connected to a reference voltage 
Refl. The FWR output is also fed to C2 as before to produce a 
second signal arising from the voltage on C2 but this signal 
15 is now fed to the -ve terminal of a second comparator Comp2 
whose +ve terminal is connected to a reference voltage Ref2. 
Under quiescent conditions Comp2 output, is high thereby holding 
a switching transistor Ql turned on and maintaining a disabling 
clamp on the output of the circuit by holding it at ground 
20 level. When the voltage on C2 exceeds Ref2, Comp2 output goes 
low and turns off Ql thereby removing the disabling clamp from 
the output. When the FWR output exceeds Refl level, Compl 
output goes high and whenever Ql is turned off any high output 
from Compl will be fed to the output stage via R6. ■ 

25 

Compl effectively converts FWR output into rectangular pulses - 
of equal amplitude. Refl can be set at any convenient level 
which ensures that only FWR signals caused by residual currents 
above a certain threshold are converted into rectangular waves 
30 by Compl. This ensures that background noise will have minimal 
effect on the performance of the RCD. In effect Compl will be 
responsive to the presence of any residual current above a 
certain threshold regardless of its actual amplitude whereas 
Comp2 will be responsive to residual currents which result in 
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the charge on C2 exceeding a certain average DC level 
determined by Ref2. 

The desired trip threshold of the RCD can be set by altering 
5 the gain of the amplifier by suitable selection of the values 
of R2 and R3, or by selection of Ref2, or a combination of 
these variables. 

It is sometimes desirable for RCDs to have an assured non 
10 response time during which the RCD will not respond to a 
residual current regardless of its magnitude. This is a 
desirable feature which can provide a high degree of immunity 
to lightning surges or electronic starters for fluorescent 
lights which can result in residual current's in the range of 
15 amperes rather than the milliampere range where RCDs generally 
operate for shock protection. Figure 4 shows a refinement of 
figure 3 which provides this capability. 

In figure 4 the FWR output is applied to Compl and C2 as 
20 before. However, Comp2 is in this case connected to a current 
source SI which, when enabled by an output from Comp2, charges 
up a capacitor C3. The voltage on' C3 is applied to the -ve 
terminal of a third comparator Comp3 whose +ve terminal is 
connected to a reference voltage Ref3. When the voltage on C2 
25 exceeds Ref2 level, Comp2 output goes high, enabling capacitor 
C3 to charge up at a predetermined rate from SI. When the 
voltage on C3 exceeds Ref3, Comp3 output goes low and removes a 
disabling clamp on the output as before, enabling the RCD to 
trip if the first signal is then present at the output of 
30 Compl. The time taken for C3 to charge up is independent of the 
magnitude of the residual current. If the charge on C2 falls 
below Ref2 before the charge on C3 exceeds Ref3, Comp2 output 
will go low and C3 will be discharged via D4 thereby preventing 
the RCD from tripping. The circuit of figure 4 therefore has 
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the ability to prevent the RCD from, responding to a residual 
current for a finite period which in turn provides the RCD with 
an assured non response time whilst ensuring its response to 
sustained or recurring residual currents still flowing after 
5 that period. 

As stated previously, the residual current level at which the 
RCD will trip is known as the trip threshold of the device. In 
the case of a sustained residual current which exceeds the trip 

10 threshold of the RCD, the circuit as described above will have 
a similar response time regardless of whether such currents are 
marginally or substantially above the threshold. In many cases 
users prefer the RCD to have an inverse time/current 
characteristic. The circuit of figure 5 can provide this 

15 capability by inclusion of a further comparator Comp4 and a 
second current source S2, the voltage on C2 being applied to 
the +ve terminal of Comp4 and a reference voltage Ref4 being 
supplied to the -ve terminal. 

20 The reference voltage Ref4 is higher than Ref2. When the 
voltage from C2 exceeds Ref2, Comp2 allows C3 to acquire a 
charge at a predetermined rate from current source SI. 
However, if the voltage across C2 is higher than Ref4, Comp4 
output will activate the second current source S2 and enable C3 

25 to acquire its charge at a faster rate with the result that the 
RCD will respond faster to higher level residual currents. The 
inverse time/current response can be optimised by for example 
using additional current sources . or by using different charging 
currents from the current sources, or by changing Ref4 voltage, 

30 or using one of more of the above as controlling means. 
Suitable selection of component values can provide for 
appropriate response times at various residual current levels 
whilst maintaining the basic high immunity of the circuit to 
nuisance tripping. 
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Figure 6 provides an example of such controlling means. In fig 
6, additional circuitry has been included to provide for 
adjustment and control of the level of current flowing from SI 
5 and S2 current sources ,' 'Control is achieved by means of a bias 
resistor, Rbias,' whose value sets the precise level of the 
source currents. A change in the value of Rbias will either 
increase or decrease the amount of current flowing from SI and 
S2 into C3, and thereby control its charging rate and the 
10 response time of the circuit for residual currents of different 
magnitudes . 



Problems of nuisance tripping can also be caused by conducted 
15 or radiated frequency components' extending from harmonics of 

the fundamental mains frequency to radio frequencies extending 
to the gigahertz range. Appropriate suppression techniques can 
be applied to the basic circuit to enhance its immunity to 
nuisance tripping in response to such interference without 
20 detracting from the basic embodiments described herein. 

The invention is not limited to the embodiments described 
herein which may be modified or varied without departing from 
the scope of the invention. 



